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A RISE of tension is well known to occur under certain conditions in eyes in which there is no reason to suspect any closure of the filtration angle by either apposition or adhesion of the root of the iris to the periphery of the cornea, obstruction to filtration being caused by mechanical blocking of the spaces,.of Fontana.
Two common circumstances which give rise to such a condition are (1) the presence of breaking-down lens matter in the anterior chamber, and (2) a change in the composition of the aqueous humour by which it becomes altered from a very watery fluid into a highly albuminous one. A rarer circumstance is the occurrence of free cells in the anterior chamber which have broken away from an intra-ocular growth, and free blood corpuscles and leucocytes are stated, perhaps on rather slender evidence, to be capable of producing the same results.
Although isolated cases of glaucoma with an open filtration angle, in which none of the above conditions were present, have been reported from time to time, the question of the pathological conditions under which such a rise of tension may occur is still an obscure one, and the present paper is the result of an inquiry into a series of cases in which, although the tension of the eye was raised, no adhesion or apposition of iris to cornea was found on pathological examination. All the eyes used in this investigation were enucleated at Moorfields Hospital at some time during the last ten years.
In order to make quite certain that no adhesion of iris to cornea is present in any eye, it is of course necessary to examine the entire circumference of the anterior chamber very carefully, and in some cases to cut serial sections. And while some of the eyes were available for this, others had already been used for other purposes and only a few sections were extant. Of the latter, I rejected any in which there seemed reasonable ground for uncertainty on this point; in some, however, the widely open angle, and the absence of any circumstance which would be likely to cause a peripheral anterior synechia made me feel justified in assuming no such closure of the filtration angle to be present.
Histologically and clinically the cases fall into three groups. In the first and largest group there is evidence of gross pathological change in the framework of the filtration angle as well as either a clinical history of past inflammation or present signs of an irido-cyclitis; the origin of the inflammatory process is sometimes exogenous, sometimes endogenous. By considering the earlier and later cases of this group separately one can, I think, follow the various stages in the changes which take place. Let us take first those in which the glaucoma is of longest standing, in which the condition of the tissues surrounding the angle is as follows (figs. 2 and 3): The fibres of the pectinate ligament, or rather of that part of the ligament which bounds the anterior chamber, are no longer present as separate entities; they are incorpo-
Normal filtration angle. rated together in a solid mass of tissue comparatively poor in nuclei, which is often covered on its free surface by a hyaline meimbrane continuous with that of Descemet lined posteriorly by endothelium. A layer of new fibrous tissue may extend for some distance on the surface of Descemet's membrane. The deeper fibres of the ligament are sometimes distinguishable, and the spaces between them preserved. The iris stroma is atrophied and condensed by fibrous tissue of new formation, and there may be a delicate vascularized membrane on the of Schlemm are thickened and consist no longer of a single layer of endothelium. Not only is the anterior chamber deep but the actual angle is usually deeper than normal, probably as the result of the contraction of scar tissue in the iris and ciliary body. In earlier cases (figs. 4 and 5) condensation of the tissues is less marked, as well as the atrophy of the iris; there is, however, an unbroken line of tissue on the surface of the pectinate ligament in the sclerosed tissue of which a few small vessels can be seen. capillary vessels can often be seen coursing between them. The presence of these vessels indicates that the inflammatory cells which fill the spaces are really part of a mass of granulation tissue which is invading the spaces of Fontana, and which apparently takes origin from the inflamed ciliary body and iris. This granulation tissue eventually develops into scar tissue in the usual way, and with it the fibres of the pectinate ligament become incorporated.
The presence of similar new vessels in the pectinate ligament has been demonstrated in cases of glaucoma with a peripheral synechia. Probably their formation is always the result of an inflammatory process, whether this be primary or secondary to the glaucomatous condition. It is exceedingly common, as is well known, to find evidence of inflammation in the tissues of the angle even in primary glaucoma, and the resulting scar tissue is probably responsible for the atrophy of the iris root which invariably takes place. This atrophy FIG. 6. Ligamentum pectinatum. Irido-cyclitis (endogenous). New vessels and granulation tissue in ligamentum pectinatum. V, vessel. T.. cannot be due merely to raised intra-ocular pressure, for since the intra-ocular pressure acts equally in all directions, there is no reason why the root of the iris should be com'pressed against the cornea, even though in contact with it. And -that the atrophy' is not merely due to, raised pressure is shown by the fact that in any given eye, in some places the iris root may be reduced to a mere layer of pigment epithelium, while in others the stroma is quite well preserved. New vessels may be formed among the fibres of the ligamentum pectinatum in cases where no rise of tension has occurred, but in which an inflammatory process is present, with or without a peripheral anterior synechia ( fig. 7 ). Agai'n, in some cases where a synechia, is present the iris becomes dragged backwards, perhaps, by organizing tissue in the vitreous, and a vascular peripheral synechia is thus torn through and the angle reopened. In these cases the vessels in the pectinate ligament remain, and those nearest the rupture may appear to be free in the anterior chamber ( fig. 8) .
Ronne recently reported a case of bilateral " glaucoma simplex " in which fibrosis and partial solidification of the pectinate ligament was as' present. Both eyes were examined post mortem, and showed the same condition. Verhoeff also reported a number of eyes in which he found sclerosis and solidification of the pectinate ligament, but he regards the condition as always due to the rupture of a peripheral anterior synechia from which the root of the iris has been dragged by contraction .
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----:
a of new-formed connective tissue in the stroma of the iris, and in that of the ciliary body. That such a dragging away may be caused by new tissue behind the iris is obvious, but surely contraction of scar tissue in the iris itself would only cause closer approximation of the movable iris to the fixed cornea. Such a hypothesis, ihdeed, is not necessary to explain the condition as shown by the series of cases here reported.
Fibrosis of the open filtration angle as a sequel of irido-cyclitis is undoubtedly a rare method of production of secondary glaucoma; much more commonly iris and cornea become united by inflammatory tissue, and a peripheral synechia with mnarked atrophy of the iris results. The latter condition is frequently associated with a bombe iris, but may also occur independently of this.
The anterior chamber is deep in all the cases of this group, and it may not be out of place to inquire into the cause of deepened anterior chamber in irido-cyclitis in general, apart from the deep chamber dependent on contraction of new fibrous tissue in the vitreous. In explaining this phenomenon the fact seems to have been lost sight of that a deep anterior chamber may occur in irido-cyclitis quite independently of any rise of tension, at least of any appreciable rise. The reason usually given is that there is a hindrance to filtration in the filtration angle itself, and that consequently the iris is pushed back when the tension rises. Not only may a deep anterior chamber occur without rise of tension, but the explanation is not correct according to the laws of hydrostatics. The pressure of fluid in the eyeball must act equally in all directions, therefore there can be no difference in pressure on the anterior and posterior surfaces of the iris. A more probable explanation is that the phenomenon depends on osmosis. All inflammatory exudates greatly exceed normal fluids in osmotic power, and while a highly albuminous exudate is being persistently poured out into the anterior part of the globe a redistribution of water will take place, the albumins in the anterior chamber will take up water, and the vitreous body will lose it, consequently the lens will move back, and along with it the iris.
The second group is represented by five cases, in all of which the glaucorna was of recent onset and of an acute type, and the tissues of the filtration angle were quite normiial in appearance. In four out of the five there was a history of an injury many years before, and in one case the lens had been dislocated. The extremity of the angle, however, and the spaces of Fontana were filled with large round swollen cells, each containing a rather small, usually oval or round nucleus ( fig. 9 ). Often there were pigment granules in the cell bodies. These cells were also present in the stroma of the iris, and among the fibrils of the vitreous. In each of these cases there is evidence of a recent haemorrhage into the substance of the vitreous; in two, in both of which there had been injury many years before, the source of the heemorrhage could be definitely traced to a ciliary process and in these the ciliary processes were definitely sclerosed ( fig. 10) . In one the retinal vessels were obviously responsible, and in two the origin of the haemorrhage could not be traced because a part of the eye was missing.
These large cells are apparently phagQcytic, and are probably of similar nature to the cells, which are sometimes seen in cases of extensive vitreous haemorrhage. They tend to congregate round the haemorrhagic mass in the vitreous, and occasionally their cell bodies can be seen to contain breaking-down red blood corpuscles (fig. 11 ). The derivation of the cells, is doubtful, but it seems most likely that they are altered leucocytes. Another possibility is that the cells are derived from the epithelium of the ciliary body, or from the retinal Perforating injury twenty-seven days ago. Massive vitreous hiemorrhage surrounded by phagocytes of various sizes. In the cell bodies of the largest breaking-down red corpuscles are prbesent. P indicates some of the phagocytes of different sizes. pigment epithelium. The cells associated with large vitreous haemorrhages can be followed in various stages of development; when small they often closely resemble polymorphonuclear leucocytes. Sometimes the larger cells contain two or more nuclei and the cells themselves may reach an enormous size. In the cases at present under discussion the htemorrhages were small. von Hippel reported two cases resembling those of this group in type, in which heavily pigmented cells blocked the filtration angle. There was associated pigmentation of the retina, but no recent vitreous htemorrhage.
The third group contains only two cases of chronic glaucoma, in one of which the glaucoma was bilateral. In these not only are the tissues surrounding the filtration angle normal, but the spaces of Fontana are open and contain no substances which might hinder filtration. Neither shows any sign of irido-cyclitis (figs. 12 and 13). In both cases, however, there is a simple detachment of the retina. Rise of tension associated with simple retinal detatchment is a rare occurrence, and in such cases as have been reported the increased tension was secondary to an irido-cyclitis, which followed the detachment and was due to the development of a peripheral anterior synechia; there was no trace of either condition in the cases under discussion. A possible explanation of these cases is that the rise of tension and the retinal detachment were both due to the same cause-viz., an alteration in the composition of the intra-ocular fluids.
An interesting point with regard to one of these eyes is the fact of its being a good example of a " small eye," and that it shows the anatomical peculiarities of this kind of eye very well. And it is worthy of remark that not only is the circumlental space very narrow, but the angle of the anterior chamber is much shallower than normal ( fig. 13 ).
There is a point I should like to mention in connexion with glaucoma secondary to intra-ocular tumour. In the majority of cases of this kind an obvious forward displacement of lens and iris has taken place,. caused by pressure from behind, which is produced by means of the growing tumour itself, or by a large associated retinal detachment. But there is a group of cases which do not show this forward displacement, and yet in which complete closure of the angle of the anterior chamber by the iris root is found; in these eyes well-marked signs of inflammation are present in the tissues at the filtration angle, associated with a membrane-often vascularized-on the anterior surface of the iris, together with ectropion uvece (figs. 14 and 15). Membranes of this type occur especially in cases of glaucoma secondary to irido-cyclitis or to intra-ocular heemorrhages. They also occur to a less degree in long-standing cases of absolute glaucoma which are apparently primary in origin. But in these tumour cases the glaucoma is never of very long standing, and I think the condition suggests an inflammatory element as a factor in the production of secondary glaucoma associated with intra-ocular tumours; possibly because some substances evolved in the growing tumour, or the products of its degeneration, act as irritants on the efferent channels of the eye. The fact that this apparently inflammatory closure of the angle of the anterior chamber occurs in glioma cases (fig. 15 ) is against the suggestion which has been put forward with regard to its cause in cases of choroidal sarcoma-viz., that the inflammatory process is secondary to obstruction of the vortex veins by the growth. A glioma which is growing freely in the vitreous, and which has not invaded the choroid, would be unlikely to exercise any obstructive action on the vortex veins. And the following observation seems to furnish some evidence that in cases of intra-ocular tumour a substance may be produced in the eye which may exercise a deleterious effect on the tissues. In the retina, especially in the nerve-fibre layer, but also sometimes in the ganglion cell and inner reticular layers, small, round or oval, encapsuled hyaline bodies are found in certain cases ( fig. 16 ). These corpora amylacea in the retina are similar in nature to those commonly found in the central nervous system; both are probably the result of the degeneration of neuroglia cells. In the retina I have noticed their presence especially in cases of irido-cyclitis without inflammatory changes in the posterior part of the eye; they do not seem to occur with endophthalmitis and panophthalmitis. One's experience of normal retinae is naturally limited, but I have not seen them in a normal eye. I have observed them in the retina, however, in a number of cases of intra-ocular sarcoma, and this quite apart from any retinal detachment. They have been described as occurring in normal eyes, but it is a fact that all the so-called normal eyes reported as containing thenm were in reality eyes in which small intra-ocular growths were present. The inference is that this form of degeneration is the result of the action of a feeble toxin on the retinal neuroglia cells and that such a toxin is present in certain cases of irido-cyclitis and of intra-ocular new growth. BIBLIOGRAPHY. VON HIPPEL. Archivf. Ophthal., Iii, 3, p. 498. LUBARSCH und OSTERTAG. (For general references.) Ergebnisse der Allg. Pathol., 1908, x, p. 332, and 1914, xvi, p. 69 . PRIESTLEY SMITH. " Glaucoma Problems," Ophthal. Review, 1912. R6NNE. Klin. Monatsbl. f. Augenheilk., 1913 , xvi, pt. 2, p. 505. VERHOEFF. Journ. Amer. Med. Assoc., 1912 
